Introduction
The average heat capacity рm c traditionally is used for thermogasdynamic calculations of heat machines (HM) and gas turbine engines, in particular [1] [2] [3] . It is the average integral value of the isobaric heat capacity within a given temperature range [4, 5]   and specific heat of the isobaric process q i   , including thermal effect of isobaric chemical reactions [4] .
Average adiabatic index m k within a given temperature range can be expressed also through pm c
where R is the individual gas constant of the substance.
Starting from references [6] [7] [8] , the average heat capacities were not determined experimentally, but by temperature integration of the existing values of the heat capacities р c , according to the formula (1) .
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Analysis of Publications and Problem Statement
In the ideal gas model, the heat capacity is constant and depends only on the structure of the gas molecule.
The real working substance of the thermomechanical system is two-parameter, i.e. any parameter, including phenomenological coefficients (viscosity, thermal conductivity, heat capacity), is determined by two parameters of the system. The temperature and pressure are used the most commonly, because they are measured by experiment easily. Despite this, in the majority of references [8] [9] [10] , the values of also not taken into account. The works [11] [12] [13] [14] [15] show that in a number of cases it is unacceptable to neglect the pressure and the ETD in the р c determination. The calculation of ETD requires to use of other approaches, and the solution of the system of chemical kinetics equations, in particular, which includes the equilibrium constants of the reactions [8, 9, 13, 15] . There are software products [16, 17] that allow obtaining the isobaric heat capacities of gases as a function of temperature and pressure T, p can be found by numerical integration of the generated spreadsheets. This is not always convenient because the user has to substitute manually the results into their own calculation or develop a special subroutine for accessing spreadsheets. It is much more convenient to use analytical dependencies in calculations. The advantages of an analytical description in comparison with a tabular one are obvious, namely, compactness of information storage without reference to node points, the ability to integrate and differentiate, dependencies can be embedded directly in the program body and don't require special subroutines to access to the tables, obtaining the average heat capacity at T1, other than 0 °C.
Authors of the article don't know analytical relationships that allow to count
T, p taking into account the ETD. In the reference [11] , formulas for the specific isobaric heat capacities of the air and combustion products components (ACPC) of heat machines that taking into account temperature, pressure and ETD are presented. According to formula (1) , it is possible to obtain
The aim of the work is to obtain the average heat capacities of the ACPC of HM
given range of pressures and temperatures taking into account the effect of thermal dissociation.
Method of Obtaining of the Average Specific Isobaric Heat Capacities
The initial data for obtaining of m р c expressions of the ACPC were the equations of the specific isobaric heat capacities of these gases that were obtained by the authors in [11] which were derived from the tabular data of the references [18, 19] . 
Results
The working range of the obtained expressions for average heat capacities was not mentioned at all by reason of the hypothesis of heat capacity independence from the pressure. In [9] , the effect of thermal dissociation is also not taken into account. For low-boiling gases (N2, O2, Ar)
The coefficient 0 X is described by a polynomial of the 6th degree and has the form [11]
The integral of the power polynomial (4) has the form
polynomial coefficients i e are given in the The remaining coefficients of formula (3) 
The temperature integral of the expression (6) has the form
The integrals of the expression (7) are tabular ones, and for the case
Expressions (8) and (9) are substituted in the (7) 
After that, the limits of integration T1 and T2 are substituted in expression (10)
Finally, the average specific heat capacity of nitrogen in the range of pressures p = 0.1 ... 200 bar and temperatures T = 150 ... 2870 K is described by the expression (12) .
The coefficients ai, bi, ci, di of the expression (12) are presented in the Table 2 [11].
The Fig 
According to the formula (1), the average heat capacity of N2 for the specified range of temperatures and pressures can be written as (12) The subintegral function of the expression (15) is the sum of two power polynomials that are integrated separately for convenience 
polynomial coefficients are given in the Table 3 [11]. The coincidence of the graphs in the Fig. 1 and 2 is explained by the fact that expressions (12) and (16) 
Average Specific Isobaric Heat Capacity of Oxygen
The physical properties of oxygen are close to nitrogen, which allowed using the same functional de- 
Its integral
, unlike a rational model or a power function, has no analytical solution. Therefore, to find the expression for the specific isobaric heat capacity of O2 the linear dependence of pressure in the form (13) was used. In this case, the average specific heat is described by the expression (16) , which coefficients α =1418, 2, 412   and i f are presented in the Table 4 [11]. the manifestation of the ETD of oxygen, which was not considered in [9] .
Average Specific Isobaric Heat Capacity of Argon
The effect of thermal dissociation for argon at the pressure p = 1 bar and higher must be considered when temperatures are above 5000 K [7] . Therefore, in the ranges of temperature T = 190 ... 1300 K and pressure p = 1 ... 200 bar, the linear dependence of the specific isobaric heat capacity on pressure is acceptable and along the isotherms can be written
The coefficients X0 and X1 of the equation (18) can be represented by polynomials of the 6th degree in the form (4) [11], with polynomial coefficients fi and gi, respectively.
Based on the equation ( 
For Ar, polynomial coefficients fi and gi of the expressions (19) are presented in the Table 5 [11]. Table 5 Coefficients fi and gi of the equation (16) [9] ). In this connection, it can be assumed that the verification of the isobaric heat capacity expressions which were carried out in [11] , together with the observance of the formal integration rules ensure the correctness of the m р c for Ar.
To estimate the effect of pressure on the isobaric heat capacity of argon, the values of 
Average Specific Isobaric Heat Capacity of Water Vapor
For water vapor, the dependence of the specific isobaric heat capacity р c f (T, p)  is described by the universal model "polynomial in polynomial" [11]
According to the integration rules for a power function, the average specific isobaric heat capacity of H2O that determined by the expression (1) has a polynomial in the form
The coefficients ij h of the equation (21) are presented in the Table 6 [ [9] are observed at the temperatures T2>2250 K. This is caused by the manifestation of the ETD, which was not taken into account in [9] .
Average Specific Isobaric Heat Capacity of Carbon Dioxide
For carbon dioxide, in the temperature T = 390 ... 2600 K and pressure p = 1 ... 200 bar ranges, the dependence of the specific isobaric heat capacity р c f (T, p)  as like as for water vapor, is described by the universal polynomial model [11]
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Prospects for Further Research
1. The expressions of average isobaric heat capacity of ACPC in a given temperature range for isobaric processes, that are the combustion processes in GTE combustion chambers, piston internal combustion engines operating by the Diesel cycle and heat exchange processes in the heat exchangers were obtained. However, the processes occurring in the compressor, turbine, nozzle of the GTE, in the internal combustion engine working by the Otto cycle are not fundamentally isobaric, but require for their calculation the value of the m р c .
In the future, it is planned to obtain analytical expressions c T, p dT dp
2. The value of the average isobaric heat capacity of water vapor at various pressures and temperatures below the critical values, i.e. the range for which a phase transition is possible and which is not covered in this article, is practically interesting. It is planned to obtain the dependences of the р c and риментально. Практика представления изобарной теплоемкости функцией только температуры cp=f(T) ухо-дит в прошлое. Существует два способа представления зависимости: аналитический и табличный. Для оди-ночных расчетов удобен табличный способ, но для серии расчетов удобнее аналитический. Преимущество аналитического описания в сравнении с табличным очевидно: компактность хранения информации без при-вязки к узловым точкам, возможность интегрировать и дифференцировать, зависимости могут быть встрое-ны непосредственно в тело программы и не требовать специальных подпрограмм для обращения к табли-цам. Разработчики программ расчета теплофизических свойств, как правило, используют функциональные зависимости, которые для разных диапазонов температур и давлений одного вещества могут иметь различ-ный вид. Объясняется это тем, что в области близкой к кривой насыщения наблюдается резкие изменение всех теплофизических свойств веществ, в том числе и истинной теплоемкости. В термогазодинамических расчетах тепловых машин основным физическим параметром рабочего тела является его теплоемкость -как истинная, так и средняя. В статье представлены аналитические зависимости средних удельных изобарных теплоемкостей основных компонентов воздуха и продуктов сгорания углеводородных топлив, единые во всем указанном диапазоне давлений и температур (азот: р = 0,1…200 бар, Т = 150…2870 К; кислород: р = 1…200 бар, Т = 210…2870 К; аргон: р = 1…200 бар, Т = 190…1300 К; пары воды: р = 0,1…200 бар, Т = 700…2600 К; углекислый газ: р = 1…200 бар, Т = 390…2600 К), выведенные на основе полученных ран-нее аналитических выражений для истинных удельных изобарных теплоемкостей этих газов. Средние удельные изобарные теплоёмкости газов также являются функциями температуры и давления cp=f(T,P) и учитывают эффект термической диссоциации. Формулы для средних удельных изобарных теплоемкостей получены путем интегрирования выражений для истинных теплоемкостей. Произведена верификация полу-ченных зависимостей для различных диапазонов температур. Ключевые слова: удельная средняя изобарная теплоемкость; продукты сгорания тепловых машин; воздух; влияние термической диссоциации; влияние давления.
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